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AMPLIFIER HAVING DIGITAL MICRO
PROCESSOR CONTROL APPARATUS

FIELD OF THE INVENTION

This invention relates to an amplifier having digital
micro-processor control apparatus and, 1n particular, to a
higch frequency power amplifier that icludes a micro-

processor control system to accurately regulate the operating,
point of the various amplifying elements in the high fre-
quency power ampliier.

BACKGROUND TO THE INVENTION

The gain of an amplifier, especially a power amplifier will
change at different frequencies, temperatures and operating
levels, and between different units, unless the design com-
pensates for these effects. It 1s a problem in the field of
amplifiers to accurately and dynamically control the opera-
tion of the amplifying elements that comprise the amplifier.

In the case of amplifiers employed 1n communications
systems, fast response times are required together with high
output powers. Further, the input power and frequency can
be different 1n successive bursts, so a new power level/
attenuation must be set, for example 1n GSM applications,
every 577 us. This means that the gain control must be fast,
which limits the amount of processing that can be done in
real time.

A problem typically encountered in amplifiers 1s that the
ampliftying elements, exhibit a fairly significant variation in
their characteristics due to manufacturing tolerances. In
addition, variations 1n operating temperature cause a shift in
the operating point of these elements as does ageing of the
amplifying elements. It 1s a typical procedure to fine tune the
amplifier operation during the amplifier manufacturing pro-
cess to compensate for the diversity of manufactured ampli-
fying elements. Dynamic changes in operating environment
can be compensated for by analogue feedback circuitry that
1s typically found in an amplifier. This analogue feedback
circuitry can provide some rudimentary control over the
quiescent point of the amplifying element, although these
feedback schemes typically can not compensate for variation
in the operating characteristics of the devices.

In the embodiment shown 1n FIG. 1, the power amplifier
also employs a microprocessor to change the Quiescent
Collector Current (Icq) to three cascaded class AB bipolar
power transistors possibly every GSM burst (577 us) in the
case of GSM applications, depending on the power amplifier
output power (GSM base stations use up to 42 dB power
control on each burst depending mainly on the mobile
position.). The Icq is changed to make correction of the
transistors’ self-heating effect possible. The power transistor
also suffers from an internal self-heating effect; at high
powers, the junction gets hotter, and the voltage applied to
the base (Vbe) requirement is less to maintain the same lcq;
this 1s normal functioning of the class AB transistor and the
collector current (Ic) due to the dc bias goes up with
increasing power (This can only be seen by measuring Ic
immediately after the rf 1s removed.). However, a transistor
has a thermal time constant and there 1s a transition period
between different dissipated powers where the Icq 1s 1mcor-
rect for maintaining near constant gain; this has to be
compensated for with the bias.

A short time constant heating effect which 1s observed as
rounding of the GSM burst edges (known as interburst
ripple), and a long time constant heating effect which is
observed as change in burst gain dependant on the power
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history (known as history effect). The bias shaping circuit
corrects for the mterburst ripple with a polarized short decay
differentiator fed through a very short time constant inte-
orator. The history effect 1s corrected by a long time constant
integrator.

One common solution to the first problem 1s to use a
number of trimmers which are adjusted during production
test to compensate for some of these effects individually.
Such trimmers may be used to supplement the performance
of a variable voltage attenuator which would be under the
control of a micro-controller. The use of trimmers increases
the set-up time, which adds to the cost of the product. If a
micro-controller and variable voltage attenuator are also
used then the component costs together with the costs of
setting trimmers and other associated equipment would be
high.

It 1s possible, 1n theory to correct for static gain by
adjusting the 1cq to compensate for the gain expansion
curves; however, this does not correct for the dynamic signal
and the history effect and interburst ripple effect was
observed which made the gain out of specification. Two
integrators with the Icq never going beyond legmin and
lcgmax can also be employed, but this does not fully achieve
dynamic gain specification. Additionally, a polarized ditfer-
entiator was required to fully correct gain for interburst

ripple.

U.S. Pat. No. 4,924,191 provides an amplifier arrange-
ment having digital bias control apparatus that uses a
processor to provide precise, dynamic control over the
operating point of a plurality of amplifying elements 1n an
amplifier. This processor controls each amplifying element
to optimise the operating point of each individual amplifying
clement as a function of the amplifying element
characteristics, the operating environment and the applied
input signal. If the measured values of bias signal and output
signal do not match predetermined desired values as stored
in the processor memory, the processor updates the pre-
defined bias value that 1s stored 1n memory to therefore shaft
the nominal operating point of this amplifying element to
compensate for dynamic changes in the operating environ-
ment or the operating characteristics inherent 1n this par-
ticular device. This disclosure sets bias employing dynamic
feedback but does not, however, provide a dynamic pulse
shaping circuit.

OBJECT TO THE INVENTION

The present 1nvention seeks to provide an improved
apparatus and method for controlling a power amplifier. The
present 1nvention also seeks to provide an efficient and
mexpensive method of dynamically maintaining a constant
cgain 1n a power amplifier whilst the mput power, 1nput
frequency and temperature are varying. The present inven-
tion further seeks to provide an amplifier circuit which
compensates for variations 1n gain due to self-heating etfect
in a dynamic fashion. The present invention further seeks to
provide an amplifier circuit which compensates for varia-
fions 1n gain with changing output power.

SUMMARY OF THE INVENTION

In accordance with a first aspect of the invention, there 1s
provided an amplifier circuit comprising an amplifier chain,
a micro-controller, a variable voltage attenuator (VVA), a
digital to analogue converter and an EEPROM, wherein the
EEPROM provides a lookup table which i1s read by the
micro-controller, which 1s operable to the digital to analogue
converter to set the control voltage to the variable voltage
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attenuator. The control voltage 1s updated continually—
every 577 us, for example, 1n a GSM application. The
lookup table can be derived by measuring a few points at
room temperature for each power amplifier and then using
previously measured typical data to calculate a full lookup
table to compensate each power amplifier. A routine 1s
provided whereby to compensate the amplifier gain via the
variable voltage controller for the following variables: Unit

to unit gain variation; Unit to unit frequency response; Unit
to unit gain variation as a function of back oif; and Unit to
unit gain variation as a function of temperature. The routine
takes data measured from individual amplifiers during pro-
duction set up along with known ‘typical’ responses and
derives a set of EEPROM coeflicients which are provided to
amplifier controllers. The micro controller uses the
EEPROM as a simple look up table to derive variable
voltage controller settings.

The routine comprises of 3 parts: that of data gathering
during unit test; that of calculating operating coeflicients;
and that of running the amplifier using the coeflicients. The
actual calculations involved 1n deriving the coeflicients are
performed 1n circuitry, for example 1n a computer outside the
amplifier, and can be made as complicated as required, since
there 1s no real time constraint on this operation.

In accordance with a still further aspect of the mnvention,
there 1s provided a power amplifier which also employs a
microprocessor to change the Quiescent Collector Current
(Icq) to some class AB bipolar power transistors in the
amplifier. The lcq 1s changed to make correction of the
transistors’ self-heating effect possible. This provides a good
cfiiciency which 1s obtainable at high powers and nearly
constant gain achievable from the transistor at different
power levels.

In accordance with a still further aspect of the invention,
there 1s provided a bias shaping circuit, which uses a
polarized differentiator with integrator combined with
another integrator can then be applied to the transistor bias.
Here, the micro-controller 1s employed to set Icq, as a linear
function of power dissipated. A waveform 1s thus
synthesised, which waveform 1s shaped with differentiators
and integrators.

In sliding the bias, the output from digital to analogue
converter is varied during each burst. (This voltage controls
Quiescent Collector current, Icq). This allows near constant
gain with output power and enables a low Icq at high powers
which 1improves efficiency.

The invention thereby provides an efficient and inexpen-
sive method of dynamically maintaining a constant gain in
an amplifier whilst the mput power, mput frequency and
temperature are varying. A relatively few points are mea-
sured on each amplifier to provide this compensation from
amplifier to amplifier without the need to adjust trimmers on
cach unit, thereby reducing production test time. This
present invention offers a stmple, inexpensive and easy to set
up automatic test facility correction method for the produc-
tion of signal amplification circuitry. The present imnvention
also avails 1tself to the simplifying of automation during the
production of amplifiers.

BRIEF DESCRIPTION OF THE DRAWING

In order that the present invention can be more fully
understood and to show how the same may be carried mto
ciiect, reference shall now be made, by way of example only,
to the Figures as shown 1n the accompanying drawing sheets
wherein:

FIG. 1 shows an amplifier line up showing compensation
elements;
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FIG. 2 details the final cascade of three amplifier stages of
FIG. 1;

FIG. 3 shows the stages 1n an algorithm;

FIG. 4 shows a method of deriving coeflicients for the
look up table;

FIG. 5 shows a form of an EEPROM look up table;

FIG. 6 shows a GSM communications protocol inter-burst
timing diagram,;

FIG. 7 shows a typical GSM signal input to a power
amplifier;

FIG. 8 shows an output from a power amplifier having the
mput of FIG. 6;

FIG. 9 details one signal transition;

FIG. 10 shows the properties of a class AB bipolar
transistor;

FIG. 11 shows a sliding bias circuit of FIG. 12 connected
to an amplifier circuit;

FIG. 12 details a bias circuit;

FIGS. 13-16 show output waveform using the circuit of
FIG. 11;

FIG. 17 details the derivation of the Vbe waveform;

FIG. 18 shows final and penultimate gain stages;
FIGS. 19 and 20 show the Vbe waveform.

DETAILED DESCRIPTION

There will now be described, by way of example, the best
mode contemplated by the inventors for carrying out the
invention. In the following description, numerous speciiic
details are set out in order to provide a complete under-
standing of the present invention. It will be apparent,
however, to those skilled 1n the art, that the present invention
may be put into practice with variations of the speciiic.

In many applications for a power amplifier, the amplifier
must maintain a near constant gain over a wide variety of
input conditions. A simple, uncompensated amplifier 1s not
capable of meeting the performance requirements and so
some form of compensation mechanism 1s required. Most
TDMA power amplifiers (GSM, DCS1800, PCS1900,
[S136) and CDMA power amplifiers where rapid power
control 1s used with class AB transistors require some form
of dynamic correction.

A class A amplifier 1s one 1n which the operating point and
the mput signal are such that the current flows at all times 1n
the output circuit of the amplifier, whether the collector,
plate or drain electrode of the amplifying element. A class A
amplifier operates essentially over a linear portion of the
amplifying element characteristic. A class B amplifier 1s one
in which the operating point of the amplifying element 1s at
an extreme end of 1ts characteristic, so the quiescent power
1s very small and either the quiescent current or the quiescent
voltage 1s approximately zero. If the input signal 1is
sinusoidal, amplification takes place for only one-half a
cycle of the sinusoidal input signal. A class AB amplifier is
one operating between the two extremes defined for class A
and class B amplifiers. Hence the output signal i1s zero for
part but less than one half of an 1nput sinusoidal signal cycle.

Referring now to FIG. 1, there 1s shown an amplifier
circuit. The basic hardware consists of a micro-controller, a

variable voltage attenuator (VVA), a digital to analogue
converter and an EEPROM. The EEPROM provides a

lookup table which 1s read by the micro-controller, which
then writes to the digital to analogue converter to set the
control voltage to the variable voltage attenuator. The con-
trol voltage 1s updated continually—every 577 wus, for
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example, in a GSM application. The lookup table 1s derived
by measuring a few points at room temperature for each
power amplifier and then using previously measured typical
data to calculate a full lookup table to compensate each
power ampliiler.

For production testing the variable voltage attenuator can
be adjusted to provide the correct gain at a few input levels
and frequencies at room temperature and the corresponding
digital to analogue converter values are stored. An interpo-
lation routine 1s used to calculate the other room temperature
values to reduce the number of points measured, keeping the
test time short.

Following this, a few measurements are determined to
characterise the non-linear response of the variable voltage
attenuator. A typical curve 1s fitted to these points to reduce
the number of points measured, keeping the test time short.
The typical gain response of the uncompensated power
amplifier versus temperature has been measured/derived 1n
the lab and this response i1s combined with the above
measurements.

Since a variable voltage attenuator response 1s non-linear
the gain versus temperature 1s measured 1in dBs, as opposed
to digital to analogue converter steps because the number of
digital to analogue converter steps varies from power ampli-
fier to power amplifier. The variable voltage attenuator
response 15 used to convert the room temperature digital to
analogue converter values mto dBs, which are combined
with the gam vs. temperature points. Then the inverse
variable voltage attenuator function 1s used to convert these
values back 1nto digital to analogue converter values which

are stored 1n the EEPROM.

The micro-controller also implements a simple 1nterpo-
lation routine to 1improve the resolution of the compensation
with respect to temperature, without increasing the size of
the lookup table. The routine was kept very simple by
carefully matching the step sizes of the variable voltage
attenuator and the temperature sensor.

In one aspect of the invention there 1s provided a routine
which can also act as a gain compensation algorithm, which

can be used to derive the EEPROM coeflicients and how
these should be interpreted by the micro-controller.

The routine 1s mtended to compensate the amplifier gain
via the variable voltage controller for the following vari-
ables:

1) Unit to unit gain variation
2) Unit to unit frequency response
3) Unit to unit gain variation as a function of back off

4) Unit to unit gain variation as a function of temperature.

The routine takes data measured from idividual ampli-
fiers during production set up along with known ‘typical’
responses and derives a set of EEPROM coeflicients which
are provided to amplifier controllers. The micro controller
uses the EEPROM as a simple look up table to derive
variable voltage controller settings.

The routine comprises of 3 parts: that of data gathering
during unit test; that of calculating operating coelflicients;
and that of running the amplifier using the coeflicients. The
actual calculations involved 1n deriving the coeflicients are
performed 1n circuitry, for example 1n a computer outside the
amplifier, and can be made as complicated as required, since
there 1s no real time constraint on this operation.

An object of the routine 1s to separate temperature out
from back off (output power) and frequency response as an
orthogonal variable. This 1s because output power and
frequency response will be characterised for each unit in
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production, whilst temperature response will not. Therefore,
there 1s a requirement to be able to add temperature com-
pensation based on a ‘typical’ response.

The coeflicients are calculated by deriving a set of math-
ematical functions fitted to the measured data, as defined by
the following steps with reference to FIG. 3.

Step 1: DAC={1(Po,freq)

From production measurements, the values of DAC

required to maintain a constant desired gain as a function of

frequency and output power are determined. For this test, the
required input power is set (=required output power-—
required gain) then DAC is incremented until the required
output (Po) is achieved.

Typically, 1n a production environment, i1t would be pos-
sible to restrict the number of measurements required by
assuming that the gain 1s constant as a function of Po below
a power level corresponding to class A operation (TBC) and
by restricting the number of frequency points. Using a
mathematical surface fit routine, the closed form function for
DAC as a function of Po and freq 1s derived. It may be
necessary to interpolate between freq and Po points 1n order
to obtain a matrix suitable for surface fitting.

An assumption made here 1s that a nearly constant ampli-
fier temperature 1s maintained during the testing. Self heat-
ing effects are discussed later on.

Step 2: A=f3(DAC,freq)

In step 2, a corresponding gain numbers (in dB) to the
DAC value 1s obtained. This step i1s required as variable
voltage controller responses are not perfectly linear or
repeatable from unit to umit. This step therefore calibrates
out variable voltage controller response variations.

From production measurements at low power, the ampli-
fier gain 1s measured as a function of DAC and freq. It 1s
important here that the amplifier remains in class A even
when the variable voltage controller 1s at maximum gain.
The optimum number of readings should be small as the
required function 1s typically smooth and well behaved.
Using a surface fit routine, the closed form function for A as
a function of DAC and freq 1s derived.

Step 3: A'=A+AA

This step adds a gain compensation factor which 1s
derived later. It 1s a simple addition function:
Step 4: DAC'={4(A',freq)

Using surface fitting on the same measurement data points
as used for step 2, the inverse function to £3 1s dertved as a
closed form function. It 1s possible to identily errors caused
in the curve fitting process and digital to analogue converter
resolution at this stage by running the two functions 13, 14
back to back with AA set to zero.

The output from step 4 1s now the required compensated
variable voltage controller digital to analogue converter
value.

Step 5: Tn=kn* ADC(Tn)+cn

Step 5 calibrates the temperature sensors. All of the
temperature sensors rely on the linear variation of the Vbe
of a transistor with temperature. Depending on the sensor,
this Vbe value can be amplified and/or inverted.

The coefficients (k1, k2, k3) are pre-characterised and is
conveniently assumed as constant for all units. Offset values
(cl, c2, c3) are derived in the production test of each unit at
room temperature. If the temperature response of the ampli-
fier 1s fairly linear, as expected, then there 1s no need to relate
11, T2, T3 to absolute temperatures. These values may,
therefore, be calculated with respect to factory ambient
(T=0=steady state ambient whereby, cn becomes —kn* ADC
(Tn) at ambient).
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Step 6: AA={2('Tn,Po)

In step 6, the temperature compensation in dB, derived by
experimentation 1s calculated.

The micro-controller 1s employed to set a variable voltage
attenuator (VVA) to maintain the overall gain. The micro-
controller sets the variable voltage attenuator based upon a
lookup table which is calculated and loaded during Produc-
tion Test.

The Input Power 1s permitted a particular range, as
follows:

3 bits
4 bits

Static Attenuation =0 ... 12 dB (in 2 dB steps)
Dynamic Attenuation = 0. .. 30 dB (in 2 dB steps)

The range is accordingly equal to 0.42 dB (which is
equivalent to 22 values) If the static attenuation is incorrect,
¢.g. equal to 14 dB, then DAC_MAX_ IP levels will be

used. The frequency figure 1s a 7 bit number, 128 values in
1.6 MHz steps. The use of 16 steps provides 4.8 MHz
resolution in the 75 MHz operating band.

The temperature can be measured via the analogue to
digital converter from three sources. The routine only uses
the sensor on the Control Board. Table 1 shows the position
and approximate resolution of each sensor. All 3 temperature
sensors are read using 10-bit analogue to digital converter
resolution, and are then converted mto an 8-bit number
range by subtracting the offset shown 1n the last column. For
example temperature sensors 2 and 3 both have an input
voltage range of approximately 1.25V to 1.6V, which cor-
responds to an approximate analogue to digital converter
reading of 260 to 330. Subtracting 200 means the reported
reading ranges from 60 to 130 which can be represented by
an 8-bit number.

The variable voltage controller lookup table 1s conve-
niently stored in the parallel EEPROM, which 1s a
3-dimensional array of digital to analogue converter value
versus 1nput power, frequency and temperature. Typically,
the EEPROM will store values for all 22 mput powers, for
16 frequency values and for 17 temperature values, provid-
ing a table of 5984 bytes (22x16x17).

The values for the control levels are determined every
burst. The calculation uses 1nformation from a modulator
and therefore the calculation cannot start until at least the 27
byte has been received from the DRX. In this case three
bytes are sent every burst providing data relating to the
carrier attributes as well as check data.

To increase the accuracy of the compensation without
increasing the size of the lookup table, ‘simple interpolation’
1s carried out between the temperature values. The tempera-
ture values are stored at 5° C. intervals and the gain
decreases by approximately 0.5 dB for every 5° C. increase
in temperature. The average variable voltage controller step
size 1s approximately 0.13 dB. Table 2 shows an example of
how this works. If the analogue to digital converter value 1s
150 or 145 the value 1s taken directly from the lookup table
in the EEPROM. Between these two values 1 or 2 digital to
analogue converter steps are added to or subtracted from the
closest value 1n the lookup table.

If the temperature is below 0° C. or above 80° C. then the
closest value from the lookup table 1s used, but no further
‘interpolation’ 1s carried out. The analogue to digital con-
verter value corresponding to room temperature 1S pro-
crammed 1nto the lookup table and the code assumes that the
temperature will be 10° C. higher for every step the analogue
to digital converter 1s below this value. Room temperature 1s
the analogue to digital converter value that 1s read during the
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production test characterisation routine. Between bursts the
control levels will be set to the new levels, which may be the
same as the previous one. The digital to analogue converters
are written to every burst even 1f the control level has not
changed.

The timing of the data transfer to the 4 digital to analogue
converters 1s shown 1 FIG. 6. The variable voltage con-
troller 1s changed as soon as possible after the end of the
burst plus 10 us. It 1s delayed by 10 us because the burst
could still be at full power up until this time. Therefore the
variable voltage controller 1s changed after about 12 us and
the three bias levels are set just before the variable voltage
controller 1s changed.

In the embodiment shown 1n FIG. 1, the power amplifier
also employs a microprocessor to change the Quiescent
Collector Current (Icq) to three class AB bipolar power
transistors possibly every GSM burst (577 us), depending on
the power amplifier output power. (GSM basestations use up
to 42 dB power control on each burst depending mainly on
the mobile position.) The lcq is changed to make correction
of the transistors’ self-heating effect possible, good efl-
ciency obtainable at high powers and nearly constant gain
Achievable from the transistor at different power levels. The
actual value of Icq follows a curve based on the power
dissipated within the transistor and not just compensating for
gain expansion. This ensures that the correction for transis-
tor self-heating works during dynamic burst (see below), in
addition to achieving adequate static flat gain with power
backotl. FIG. 2 shows 1n greater detail the micro-controller’s
interaction with the last three cascaded amplifiers.

In order to overcome the internal self-heating effect at
high powers, use 1s made of a thermal time constant asso-
ciated with the transistor and a transition period between
different dissipated powers where the Icq 1s incorrect for
maintaining near constant gain, and which 1s compensated
for with the bias. This 1s carried out by integrating and
differentiating the bias voltage simultaneously and applying
the composite signal to the transistor bias. A further feature
of the micro-controller 1s that 1t can be employed to change
the Icqg with power. A bias shaping circuit, which uses a
polarized differentiator with integrator combined with
another integrator can then be applied to the transistor bias.

The stages of operation are as follows: The micro-
controller 1s employed to set Icq, as a linear function of
power dissipated. A waveform 1s thus synthesised, which
waveform 1s shaped with differentiators and integrators.

Referring now to FIG. 6, there 1s shown inter-burst ripple
(edge rounding) and history effect (a low power burst after
a high power burst has increased output gain). Both of these
cllects are caused by the thermal lag in the transistor. When
the power is changed abruptly (5us), the transistor die takes
considerably longer to cool down or heat up to the tempera-
ture which would be observed 1n a static power level case.

In sliding the bias, the output from the digital to analogue
converter 1s varied during each burst. (This voltage controls
Quiescent Collector current, Icq). This allows near constant
gain with output power (cf FIG. 9) and enables a low Icq at
high powers which improves efficiency. Further, this drives
the sliding bias circuit which corrects for problems 1n FIG.
6. Sliding bias without the pulse shaping circuit of FIG. 12
in this way solves the 1ssue of constant gain and permits the
use of a low lcq at high powers to improve efficiency. FIG.
17 shows the Vbe wavelform. Adding the pulse shaping
circuit has the desired effect of varying Vbe to compensate
for the thermal time-constant 1n the transistor.

Referring to FIG. 18, the sliding bias digital to analogue
converter output can be varied over temperature as well as
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power to compensate for gain change with temperature in
final stages. As temperature 1ncreases, P3 remains constant
but P2 increases, due to gain change in Q3. Therefore power
dissipated 1n Q2 varies with temperature and power output.
A look-up table array can be used to store required bias
value, as shown 1n table 3

Note that the differentiator is polarised to protect the
transistor: Transistors are very sensitive to Vbe; just 10 mV
too much can destroy a device. Referring to FIGS. 19 and
20, the spike shown by the dotted line 1n FIG. 20 could
destroy the transistor in some cases.

The problems solved by the present mnvention are, inter
alia, the correction of gain due to the selt-heating eff

cCt
(dynamic correction), the maintenance of gain at an effec-
tively constant level with changing output power (static
correction), and the maintenance of good efficiency at high
powers. Most TDMA power amplifiers (GSM, DCS1800,
PCS1900, IS136) and CDMA power amplifiers where rapid
power control 1s used with class AB transistors require some
form of dynamic correction. This mnvention offers a clever,
simple, inexpensive and easy to set up on an automatic test
facility correction method.

What 1s claimed 1s:

1. An amplifier circuit having an amplifying element, a
bias circuit coupled to an mput of said amplifying element,
and a microcontroller arranged to control the bias circuit
according to predetermined criteria and determined input
power to the element 1n order to control the amplifying
clement gain 1n order to compensate for the internal heating
ciiects of said amplifying element, the compensation taking
into account thermal lag in the amplifying element to
provide more accurate control during dynamic changes in
thermal effect.

2. An amplifier circuit according to claim 1 wherein the
microcontroller comprises a memory device and the prede-
termined criteria are a number of bias control settings stored
in the memory which correspond to predetermined input
power values such that the microcontroller controls the bias
circuit according to the setting corresponding to the deter-
mined 1nput power.

3. An amplifier circuit according to claim 1, wherein the
amplifying element gain 1s further dependent on: measured
temperature; mput frequency; specific batch dependent char-
acteristics of the amplifying element; a combination of
these.

4. An amplifier circuit according to claim 1, wherein the
amplifying element 1s a bipolar transistor.

5. An amplifier circuit according to claim 2, wherein the
memory device 1s an EEPROM.

6. An amplifier circuit according to claim 4, wherein the
microcontroller 1s arranged to control the bias circuit in
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order to control the Quiescent Collector Current (Icq) depen-
dent on output power of the amplifier circuit.

7. An amplifier circuit according to claim 2, wherein the
microcontroller 1s arranged to implement an interpolation
algorithm for measured values of mnput power between those
stored.

8. An amplifier circuit according to claim 2, wherein the
bias control settings are derived from previously measured
operational parameters of the amplifier circuit.

9. An amplifier circuit according to claim 1 wherein the
determined mput power 1s measured 1n regular time slots.

10. An amplifier comprising the amplifier circuit accord-
ing to claim 1 and further comprising a gain control device
coupled to an input of the amplifying element 1n order to
control the mput power to the amplifying element, the gain
control device being controlled by the microcontroller
dependent on measured input power to the amplifying
clement.

11. An amplifier according to claim 10 wherein the gain
control device 1s a variable voltage attenuator.

12. An amplifier comprising the amplifier circuit accord-
ing to claam 3 and further comprising a variable voltage
attenuator coupled to an mput of the amplifying element 1n
order to control the mput power to the amplifying element,
the attenuator being controlled by the microcontroller
dependent on the determined input power to the amplifying
clement.

13. An amplifier comprising a number of amplifying
circuits according to claim 1 each of said amplifying circuits
comprising different predetermined criteria.

14. A method of operating an amplifying element 1n order
to compensate for internal heating effects for different input
signal levels, said method comprising:

determining mnput signal level to said amplifying element;
and

controlling bias conditions of said element dependent on
said mput level and predetermined criteria while taking
into account thermal lag 1n the amplifying element to
provide more accurate control during dynamic changes
in thermal effect.

15. A method according to claim 14 wherein said prede-
termined criteria are a number of bias control settings which
correspond to predetermined input power values such that a
microcontroller controls the bias conditions according to
setting corresponding to determined input power, and/or an
algorithm which 1s dependent on the determined input
POWET.

16. A method according to claim 14 further comprising
controlling the 1mnput signal level to the amplifying element
dependent on the determined signal mnput level.
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